METHODS: Twenty-eight sites in 17 developing world countries submitted congenital heart surgery data to a registry, received annual benchmarking reports, and created quality improvement teams. Webinars targeted 3 key drivers: safe perioperative practice, infection reduction, and teambased practice. Registry data were audited annually; only verified data were included in analyses. Risk-adjusted standardized mortality ratios (SMRs) and standardized infection ratios among participating sites were calculated.
RESULTS: Twenty-seven sites had verified data in at least 1 year, and 1 site withdrew. Among 15 049 cases of pediatric congenital heart surgery, unadjusted mortality was 6.3% and any major infection was 7.0%. SMRs for the overall International Quality Improvement Collaborative for Congenital Heart Surgery in Developing World Countries were 0. CONCLUSIONS: Congenital heart surgery risk-adjusted mortality and infections were reduced in developing world programs participating in the collaborative quality improvement project and registry. Similar strategies might allow rapid reduction in global health care disparities. Only 7% of the population has access to life-saving congenital heart surgery in the developing world, 1 where congenital anomalies are the eighth leading cause of death in children. 2 Approximately 90% of births worldwide occur in developing countries that have limited resources and high expected morbidity and mortality due to congenital heart disease. 3, 4 The establishment of surgical programs allows an increasing number of children access to life-saving surgery. Congenital heart surgery carries considerable risk for death, even in programs in the developed world. Congenital heart surgery has the potential to offer repair or palliation for children who would otherwise die, but requires a highly skilled multidisciplinary team and a reliable institutional framework. These factors are often limited in resource-poor environments, where survival also may be limited by late identification of poor nutrition and other morbidities. 5 Translation of quality improvement activities, now common in developed world surgical programs, can catalyze rapid improvement in surgical outcomes.
One cornerstone of quality improvement is the need to monitor clinical outcomes and benchmark performance. A major problem faced by health care professionals in the developing world is the lack of benchmarking data for purposes of evaluating performance of their congenital heart surgery programs and guiding efforts to make improvements. 
Development of Key Driver Diagram
Discussions at Global Forum meetings outlinedkeychallenges facingdeveloping world programs. Using this information, along with current quality improvement priorities in the developed world, 3 "key drivers" to reduce mortality associated with congenital heart surgery were selected: safe perioperative practice, reduction of surgical site infections and bacterial sepsis, and team-based practice through nurse empowerment (Fig 1) .
Learning Modules
The 
Safe Perioperative Practice
Using design principles outlined by the World Health Organization's Safe Surgery Saves Lives campaign and a previously published pediatric surgical safety checklist as a conceptual framework, 8, 9 a checklist designed specifically to meet the needs of pediatric congenital heart surgery was created (Fig 2) . The checklist was disseminated to all institutions, which were encouraged to make any necessary modifications to meet unique needs of their institutions.
Perioperative care team members at sites were trained on effective checklist utilization through interactive webinars and one-on-one site mentoring.
Infection Reduction
Learning modules were developed to introduce the concept of evidencebased "practice bundles" and teach specific components of infection reduction. A bundle is defined as a set of evidence-based practices that improve patient outcomes when implemented by every member of the health care team. 10 An initial module focused on developing a hand hygiene program and included strategies to improve hand-washing compliance, recognizing that health care workers' hands are responsible for the transmission of most pathogens in hospitals. 11 Additional modules focused on practice bundles to improve sterility for central venous catheter insertions, central line access, and central line dressings; to reduce surgical site infections, emphasizing correct antibiotic timing, hair removal with clippers, preoperative skin disinfection, and postoperative wound management; and to reduce urinary tract infections and ventilator-associated pneumonia. The importance of standardizing care, auditing practice, and the feedback of practice audit results and infection rates were common themes across modules.
Team-Based Practice Through Nurse Empowerment
To achieve the goal of team-based practice through nurse empowerment, numerous tools were provided for empowering nurses, including high-fidelity case-based teaching videos, standardized scripts for nurses to give comprehensive patient reports inICUs and wards, as well as techniques of assertion, closed loop communication, and a structured situation briefing framework with 4 components: Situation, Background, Assessment, and Recommendation. This framework of Situation, Background, Assessment, and Recommendation, a communication model adopted from the US Nuclear Navy, 12 has been found to be beneficial in health care settings. An example of assertion training that reinforces infection reduction strategies includes empowering nurses to speak up in a professional manner when sterility is compromised or when practice bundles are not followed. Detailed demonstrations of fundamental and advanced competencies for pediatric cardiovascular nurses were also presented.
Outcomes
The following outcome variables were collected: in-hospital mortality, 30-day mortality, surgical site infection, and bacterialsepsis. Any major infection was defined as surgical site infection and/or bacterial sepsis. Surgical site infection was defined according to Centers for Disease Controland Prevention/National Healthcare Safety Network definitions. 13 Bacterial sepsis was defined as known or presumed bacterial sepsis with fever or hypothermia, tachycardia, hypotension, tachypnea, leukocytosis, or leukopenia. Implementation of quality improvement methodology to reduce mortality.
Auditing and Analysis
surgery cases either ineligible for RACHS-1 risk adjustment (such as premature infants or neonates undergoing patent ductus arteriosus ligation only) or unable to be assigned to a risk category were excluded. The c statistic, a measure of discrimination, was provided for each model; a c statistic of 0.5 indicates that the model is no better than chance at predicting who will experience the outcome of interest and who will not, whereas a value of 1.0 indicates that the model predicts the outcome perfectly every time. Standardized mortality ratios (SMRs), standardized infection ratios (SIRs), and their 95% confidence intervals (CIs) were calculated for aggregate data from 2011 and 2012, using 2010 as the reference population. An SMR is defined as the observed mortality rate in a calendar year divided by the mortality rate expected in that year based on patient case mix; an SMR .1.0 suggests higher than expected in-hospital mortality relative to the reference population, whereas an SMR ,1.0 indicates lower than expected mortality. If a 95% CI for the SMR does not contain the value 1.0, then risk-adjusted mortality is significantly different from the reference population (P , .05). SIRs are similarly interpreted. Because different institutions contributed data in different years, SMRs and SIRs for 2011 and 2012 relative to 2010 were also generated for the 7 sites contributing data for the entire time period, using these 7 sites' 2010 data as the reference population rather than the entire collaborative. Similarly, SMRs and SIRs for 2012 relative to 2011 were generated for the 14 sites contributing data in both 2011 and 2012. Statistical analyses were conducted by using SAS version 9.2 (SAS Institute, Inc, Cary, NC). The unadjusted in-hospital mortality rate was 6.3%. The 30-day mortality rate was 7.4% among sites reporting 30-day mortality data for at least 90% of surgical cases (7 sites in 2010, 12 sites in 2011, 19 sites in 2012); sites were unable to capture 30-day mortality data for 24.4% of cases. The surgical site infection rate was 2.1%, the bacterial sepsis rate was 5.5%, and the rate of any major infection was 7.0%. In-hospital mortality was 1.5% in RACHS-1 risk category 1, 3.8% in category 2, 10.6% in category 3, 17.7% in category 4, and 51.1% in categories 5 and 6 combined.
RESULTS

Among
The RACHS-1 risk adjustment model for inhospital mortality applied to the 2010-2012 combined aggregate data is displayed in Table 5 , with a c statistic for model discrimination of 0.740. SMRs for the aggregate data from 2011 and 2012, using 2010 as the reference population, are shown in Table 6 
DISCUSSION
The IQIC was officially launched in 2008 to provide benchmarking data for congenital heart surgery in the developing world, with the overall goal of guiding quality improvement efforts and reducing mortality for congenital heart disease. Outcomes were reported for 15 049 surgeries in patients ,18 years of age from 27 sites in 16 countries selfidentified as developing world. Collaborative learning focused on 3 key areas: safe perioperative practice using a surgical safety checklist, reduction of surgical site infections and bacterial sepsis, and team-based practice through nurse empowerment and effective communication. Overall unadjusted inhospital mortality was 6.3%; mortality rates within RACHS-1 risk categories look similar to those reported in the United States in 1994 to 1996. 6 Riskadjusted mortality and infections were significantly lower in 2011 and 2012, compared to the appropriate reference population, for the collaborative overall and for institutions participating in the IQIC during consecutive years. Although these reductions cannot be attributed to the IQIC with certitude, the rapid improvements in both mortality and infections are highly suggestive of success.
Key driver diagrams create a useful framework for collaborative quality improvement. 14 The 3 key drivers chosen for the IQIC were identified by developing world cardiac surgeons and were common across diverse geographic locations. Increasing evidence has shown that use of surgical safety checklists in perioperative settings can reduce mortality and prevent complications by improving teamwork, communication, and overall quality of care, [15] [16] [17] [18] and the World Health Organization strongly recommends worldwide adoption of surgical safety checklists. 19 The potential benefit of this intervention may be even greater for surgical procedures that are complex and involve high-risk patient populations. 20 Children with congenital heart disease represent a particularly high-risk population that could greatly benefit from the coordination of teambased care, and thus implementation of a surgical safety checklist was included as a key driver.
Strategies for preventing hospitalacquired infections are significantly less robust in the developing world. 21, 22 Hospital-acquired infections are associated with increased morbidity, mortality, and hospital costs. 23 The occurrence of these infections in countries with limited resources imposes a significant burden on the health care system, and results in resources being directed away from care of additional patients. 24 In recent years, hospitals that have introduced evidence-based practice bundles to prevent occurrence of device-associated and surgical site infections have successfully decreased occurrence of these infections. 10, 23, 25, 26 Hand hygiene is the cornerstone of every bundle to reduce device-associated and surgical site infections. These and other practices were incorporated into learning modules to reduce hospital-acquired infections, and infections also were included as secondary outcomes. It is widely recognized that effective communication and teamwork are essential for the delivery of high-quality and safe patient care. Ineffective communication has been linked to inadvertent patient harm. 27 Nurses must feel empowered to confidently communicate patient concerns. Educational and cultural barriers that preclude nurses from speaking freely are prevalent among developing world countries. 28 Thus, team-based practice through nurse empowerment and effective communication was included as a major key driver for reducing mortality.
Collaborations between programs in countries of the developed and developing world and NGO capacity-building partnerships provide an invaluable opportunity to build sustainable qualitydriven cardiac surgery programs worldwide. The IQIC has,withthesupport and targeted technicalassistance of NGO partners to facilitate implementation, fulfilled critical needs in monitoring clinical outcomes and providing benchmarking data, as well as educating developing programs with respect to key determinants of mortality, data collection, data analysis, and quality improvement techniques. The IQIC reports significant, reliable, previously unavailable outcome data from a substantial number of developing world surgical programs. Risk-adjusted mortality and infections were significantly lower in 2011 and 2012, compared to the appropriate reference population, for the collaborative overall and for institutions participating in the IQIC during consecutive years. Thus, in a mere 3 years, the IQIC appears to have successfully reduced both infections and mortality after congenital heart surgery among participating sites. Despite some limitations in our formal analysis, such as lack of standardized definitions for several infection variables, missing data, and, importantly, lack of a nonparticipating comparison group, audited results suggest substantial statistically significant improvements, and the focus and time frame are highly suggestive of success due to quality improvement efforts by teams through IQIC learning and NGO-supported implementation. These successes may be replicable in other medical conditions, thereby allowing rapid translation of knowledge and practice throughout developing world settings to reduce global health care disparities.
This collaborative effort also has yielded critical data on congenital heart surgery in low-resource environments, with audited results from more than 15 000 cases. Although data are pooled from sites self-identified as operating in low-resource settings without other inclusion criteria, this is nevertheless a rich source of useful, previously unavailable information. The data collected will allow further research regarding the outcomes of and risk factors for various types of congenital heart disease in these settings, as well as the development of improved risk adjustment methods, if required. Similarly, it will be possible to address important questions regarding the success of quality improvement activities in various low-resource settings, such as children' s versus nonchildren' s hospitals, free-standing heart centers versus full-service hospitals, sites differing in annual clinical volume, and sites supported by NGOs in different ways, as well as to gain an understanding of specific processes that led to improvement. Efforts are currently under way to increase this critical body of information, which should further enhance the rapid spread of access to successful congenital heart surgery.
